Mechanical intervention in rice (Oryza sativa L.) postharvest operation especially harvesting, threshing and carrying is increasing due to shifting labour from agriculture to non-agricultural sector. It was hypothesized that mechanical intervention in rice postharvest operation will increase the postharvest losses. A two-year study (2008)(2009)(2010) was conducted during Aus, Aman and Boro seasons in six locations of sadar upazila at Gazipur district to test the hypothesis. The widely used varieties of BR11, BR23, BR26, BR27, BRRI dhan28, BRRI dhan29 were used to assess the losses during harvesting to drying. In the study areas, farmer's common practices (harvesting paddy by sickle; transportation by head, shoulder and power tiller operated trolley; threshing by open drum and close drum thresher; cleaning by traditional cleaning device kula and winnower and sun drying) were used to assess the postharvest losses. The average postharvest losses from harvesting to drying recorded 10% in three rice growing seasons. Losses due to mechanical threshing and traditional sun drying were 3.16% and 3.14% respectively. Power tiller operated trolley showed the lowest carrying loss compared to shoulder and head carrying methods. Both kula and winnower were observed as the most appropriate method of grain cleaning. Mechanical intervention in threshing increased the losses, whereas decreased in transportation and winnowing. These data might be used for policy makers to assess the national food grain loss and for researchers to design and development new technology to reduce the postharvest loss. The study should be continued to other regions for consistent results.
INTRODUCTION
Bangladesh produced 34.4 million tons of clean rice in 10.61 million hectares land (BRRI, 2014) . Two millions of population added in each year and expected to reach 215.4 million in 2050 when 44.6 million ton of cleaned rice will be required (Kabir et al., 2016) whereas the estimated annual shrinkage of agricultural land is about 0.08 million hectares due to various non-agricultural activities such as the construction of houses, offices, roads, mills, factories etc (BRRI, 2009) . Rice yield, therefore, needs to be increased from its present level of 2.74 to 3.74 t ha -1 (BRRI, 2013) . Decreasing resources (e.g. land, labour, soil health and water) and increasing climate vulnerability (e.g. drought, salinity, flood, heat and cold) appeared as the great challenges to keep pace of food production in the background of increasing population. Sufficient rice production is the key to ensure food security in Bangladesh. In fact, 'rice security' is synonymous to 'food security' in Bangladesh as in many other rice growing countries (Brolley, 2015) .
The government has given the top priority in increasing the availability of food in the country, while rice land is not expanding (MoA, 2013) . One way to increase the production is to minimize yield gap between research and farmers level. Another important task is to minimize postharvest loss. Rice postharvest practices in the country vary between localities depending upon the existing physical, topographical and climatic conditions in the area.
A portion of the rice (paddy) is lost in postharvest operations due to numerous factors and a portion of rice is wasted to feed poultry and livestock, and in transportation, marketing and consumption processing. The wastes indicate that postharvest food loss translates not just into human hunger and minimizing the revenue of farmers, but tremendous environmental waste as well (Afsar et al., 2001) . It was also varied with seasons, variety and mode of operations.
FAO/BRRI (1986) estimated postharvest losses (harvest to storage) in Bangladesh were 13.02-13.72% (drying loss: 1.63%-2.84%, parboiling loss: 1.93-2.75% and milling loss: 3.28% and 4.54%) in three rice growing seasons. Little variation of total losses was observed in different seasons (Aman-13.04, Boro-13.02 and Aus-13.75%). Mechanical intervention in post harvest operation was not included in that study. After 1998, the wide scale adoption of power tiller for tilling caused tremendous changes in the crop production sector. Land preparation, irrigation, weeding and threshing are already mechanized successfully in Bangladesh although some operations like transplanting, harvesting, winnowing, drying are still gaining space in farmers' level . There is insufficient data on postharvest losses of rice in Bangladesh after introducing machinery in rice cultivation. It is urgently needed to estimate the losses occurred due to mechanical intervention in postharvest operation. Therefore, the aim of this study is to assess the postharvest losses (harvesting to drying) in rice for providing information to reduce postharvest losses.
MATERIALS AND METHODS
Experiment site, variety and rice growing seasons Considering easy access from BRRI headquarters and to secure farmers' cooperation, six blocks of Gazipur sadar upazila in Gazipur district were selected to assess the post harvest losses of rice in 2008-2010 seasons. Table 1 presents detailed information of seasons and varieties in six locations.
Experimental design
The experiment was laid out in randomized complete block design. Six postharvest operations were considered (harvestingsickle; transportation-head, shoulder and power tiller operated trolley; threshing-open drum and close drum thresher; cleaningtraditional cleaning device kula and winnower and drying-sun) in this study. The method(s) in each operation were replicated three times. Existing farmers' practices were taken in consideration to determine the postharvest losses including selection of crops maturity date; harvesting process, threshing methods and drying practices in each stage.
Experimental procedure
The method and procedures in this study were followed as mentioned by Jose et al., (1985) . Table 2 describes field techniques and laboratory procedure for determination of postharvest losses of rice.
Laboratory techniques
The grain samples and raw data were collected from the field and analyzed in the research laboratory, FMPHT division, BRRI. The collected samples were cleaned, weighed and recorded the moisture content. Filled and unfilled grains were counted manually and weights were adjusted to 14% moisture content (wet basis).
Procedures
According to Jose et al. (1985) , the sample of 50 m 2 area was harvested by sickle; stacking on canvas; bundled by rope; transported by head/shoulder/trolley; threshed by ODT/ CDT to get the grain weight as yield. The loss was calculated on the basis of grain weight expressed as average and percentage. Pre-testing was done before the final test in order to minimize the error in each methods and seasons. 
Postharvest operations
Determination of harvesting losses. The field was marked with nylon rope and bamboo pole for harvesting. One-twentieth portion (2.5 m 2 : 0.5×5 m) of the total area (50 m 2 ) in one end was used for measuring the preharvesting (natural shattering loss by wind, varietal characteristics) and harvesting (cutting) loss of manual harvesting by sickle. The remaining 47.5 m 2 area was also harvested by sickle to determine the grain yield. Grain falls on the ground was collected manually for calculating pre and post harvesting losses. Determination of in-field stacking/ bundling losses. Leave the harvested paddy on the canvas, as in the normal practice of the farmer and allowing the farmer to carry the harvested paddy by bundling for threshing. Grains falls on the canvas during bundling was collected in a poly bag for laboratory analysis.
Determination of transport losses.
Power tiller operated trolley, head and shoulder carrying methods as common practiced in the study area for transport the harvested paddy to the threshing floor. Clothing bag were added for head and shoulder carrying and lay out the plastic sheet on the trolley to collect the fallen grain during transportation.
Determination of threshing losses. Two different types of threshing methods (ODT, CDT) as practiced by farmers were used to determine the threshing losses. Plastic sheet was laid down on the threshing floor for collecting scattered paddy from outside of the threshing range. Weighted all the threshed straw and taken 1/16 th of that straw (Jose et al., 1985) , which is called straw factor, used to determination of un-threshed paddy.
Determination of winnowing/cleaning losses. Two types of equipment (winnower and kula) were used for the purpose of cleaning losses. Initially, weight of threshed paddy (un-cleaned) were recorded and cleaned by winnower and kula. Finally, the weight of cleaned paddy was measured to estimate the cleaning loss. Scattered paddy was collected from outside the winnowing range and gathered chaff to collect paddy.
Determination of drying losses. Sun drying method was used for the purpose of drying loss calculation. Weighted the cleaned paddy and dried in the famers' yard and finally again weighted the dried paddy for drying loss calculation.
Procedure of loss calculation
The following formulas were used to calculate postharvest losses of rice.
Moisture conversion factor (MCF):
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Where, 
Statistical analysis
Data were analyzed according to Gomez and Gomez (1984) using statistical software Statistix 10 programme. Means were compared with least significant difference (LSD) test.
RESULTS AND DISCUSSION
Comparative loss assessment (operation basis) pre-harvest and harvest (cutting) losses. Table 3 shows that the pre-harvest and harvest losses were depended on variety and season. The cutting losses (%) also varied as same as pre-harvest losses. The harvest loss was the highest in Aus season in both the years due to heavy rainfall and lodging by wind. In contrast, the harvesting loss was observed as the lowest in BRRI dhan28 in Boro season. FAO/BRRI (1986) obtained harvest losses of 2.01, 2.5 and 1.14% in Aus, Aman and Boro seasons respectively, which is similar to the present findings. (1986) observed that transport loss varied 0.52 to 0.57% for head and shoulder carrying, which is similar to the present findings (Table 4) . (Fig. 1) . The average loss estimate in drying operations was ranged from 2.38 to 2.98% for the three seasons (Aus, Aman and Boro). Significantly higher drying losses were observed in Boro (3.14%) due to bulk volume of production compared to others seasons, whereas the lowest drying loss (2.68%) was observed in Aman season, because of dry weather. However, the drying losses were the second highest in Aus season due to rainy days. Greeley(1981) stated that total physical losses in the operation from harvesting to sun drying did not exceed 7%, whereas total drying losses ranged from 1.56 to 5% (Bala, et al., 2010) . Drying loss depends on diversity factor like farmers' initiatives, weather condition and yard condition etc. The possible causes of drying losses were observed that grains feeding by the chicken, birds, ducks, grain spoilage, scattered during drying etc. Drying yard (Mud ground, pacca floor, canvas, bamboo mat, plastic sheet, and road side) also influenced the drying losses. (Table 7) . Among the three seasons, losses in Aman season (10.04%) were comparatively lower due to dry weather condition. In contrary, the highest loss was 10.42 in Aus season due to rainy season. The highest losses were found in threshing method (3.09 to 3.23%) followed by drying (2.86 to 3.14%) and lowest in pre-harvest losses (0.27 to 0.64%). NAPHIRE (1997) stated that harvest loss in the traditional cutting method (sickle) at optimum maturity stage for different rice varieties ranged from 6% to 17%, which increased substantially with the delay of harvesting. Calverley (1994) also observed that average loss in harvest, threshing, drying, storage and milling was 13.56% under eleven FAO projects implemented in several countries of Central and South-Eastern Asia.
In another study in China, it was also observed that total average losses of the six operations of threshing, drying and cleaning, storage, transport and milling amounted to 14.81% of total production (FAO, 2004) .
CONCLUSION
The total postharvest losses from harvesting to drying were observed 10% in Gazipur district. Mechanical intervention increased the threshing losses whereas it decreased in transportation and winnowing losses. Quantitative relationship between machinery and traditional practice requires further investigation with more representative areas. PHL=Pre-harvest loss, CL=Cutting/harvested loss, FSL=Field stacking loss, TL=Transportation loss, SL=Scattered loss, USL=Un-separated loss
